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Introduction
It is possible to measure EVLWI (ExtraVascular Lung Water Index) by TPTD (TransPulmonary ThermoDilution) technique using PiCCO (Pulse-induced Contour Cardiac Output) monitoring. It is a standard minimally invasive method used for continuous monitoring of haemodynamic and volumetric parameters combining TPTD method and pulse curve analysis. (1, 2) EVLWI is defined as the difference between ITTV (IntraThoracic Thermal Volume), which is measured by transpulmonary thermodilution, and ITBV (IntraThoracic Blood Volume), see formula 1. By indexing the retreived data according to body mass we can extrapolate EVLWI, see formula 2. As it is not possible to get ITBV by transpulmonary thermodilution, instead an indirect indicator is measured, that is GEDV (Global End-Diastolic Volume), see formula 3. EVLWI is indicative of the volume in interstitial lung tissue and intraalveolar space. (3, 4) Indirect acute lung injury is a common consequence of sepsis. According to the literature, Acute Lung Injury (ALI) occurs in 37-41% of all sepsis patients. Depending on the diagnostic criteria, age groups and therapeutic protocols, the death rate is 29-42%. (5-12) ALI is characterized by hypoxemia, non-cardiogenic lung oedema, poor lung compliance and increased alveolar capillary permeability. (13) Increased alveolar capillary permeability is a result of bacterial endotoxins, Along with the aforementioned, the intensity of alveolar injury is dependent on the activity of thrombin, oxygen radicals, proteolytic enzymes and adhesion molecules. As a result surfactant formation is insufficient and its action is inadequate. Consequently, destruction of capillary endothelium and alveolar epithelium causes increased vascular permeability and quickly results in fluid collection in the interstitial space and in alveoli. (14) The EVLWI reference range in healthy adults is 3.0-7.0ml/kg. EVLWI values above 10ml/kg indicate development of pulmonary oedema and correlate with morbidity and mortality. A 100% increase in EVLWI values are not clinically evident on chest x-rays, while those of a 200-300% increase are correlated to significant hypoxemia. (15) The goal of this paper is to examine the correlation and dynamics of the EVLWI as an indicator of acute lung injury in septic patients who have undergone major abdominal surgery.
Materials and methods
This prospective observational study was conducted from May 2009 until October 2011, at the Department of Anaesthesiology, Reanimatology and Intensive care at the University Hospital of Zagreb. It included 48 septic patients who had undergone major abdominal surgery. Of the 48 patients, 25 were male aged 47 (SD=8) and 23 were female aged 43 (SD=7). They were divided into two groups. The first consisted of 22 patients who had ALI (ALI patients group), the second group, consisted of 26 patients, who were without ALI (non-ALI patients group). All of the participants had signed informed consent.
Diagnosis of both sepsis and ALI was based upon internationally defined criteria, clinical signs and symptoms, as well as laboratory results. (16) (17) (18) (19) (20) Exclusion criteria are listed in table 1.
Upon admission to the intensive care unit, post-operatively, all of the patients had endotracheal tubes and were mechanically ventilated. They were all were taken in both study groups using PiCCO in the same 8-hour intervals, three times a day throughout the study. Both study groups had chest x-rays, ECGs and transthoracic heart ultrasound (Siemens P4-2 probe) done in order to measure their left ventricular ejection fraction and diastolic heart dysfunction.
Both groups of patients were given crystalloids (30ml/kg) up to the point at which SIGNA VITAE 2015; 10(1): 74 -92 their optimal preload was achieved (MAP>60mmHg, EVLWI<7ml/kg, ITBVI 850-1000ml/m2, GEDVI 680-800ml/m2). Patients with haemoglobin concentration <70g/l and/or CI≤2.5l/min/m2 were given packed red cell transfusion.
All of the data measured or calculated was statistically processed using the independent t-test, along with ANOVA (ANalysis Of VAriance) applied for repeating measurements. Values of p<0.05 were considered statistically significant.
Results
The study included 48 septic patients who had undergone major abdominal surgery. Of those, 22 had ALI and 26 did not. There were 14 male and 8 female patients in ALI group versus 11 male and 15 female patients in non-ALI group. EVLWI was markedly increased in the ALI patient group between the 3rd and 7th day. Also, a statistically significant difference in EVLWI values was found between the two groups within the 1st and 7th day (table 5). Furthermore, there was an evident positive growth trend of EVLWI with each passing day (table 5). Figure 1 depicts the trends and differences of EVLWI in the two groups over a period of seven days. There is a discrepancy between the median of EVLWI in the two groups from 4th to 7th day. That is, the EVLWI in the non-ALI group of patients reaches a plateau, while in the ALI group it continues to rise. Optimal discrimination threshold between the groups was 14% for EVLWI (sensitivity 72.2%, specificity 97.5%) which indicates that this diagnostic method is efficient.
There was also a statistically significant difference throughout the rest of the values measured in both groups: GEDVI, ITBVI, SVRI and CVP. Mean values of SIGNA VITAE 2015; 10(1): 74 -92 GEDVI as well as ITBVI in ALI group of patients were higher than reference values (table 6) . CI values did not show a statistically significant difference between the two groups (table 6).
In the ALI patient group, there was a sharp rise in PaCO2 from the 3rd day, while the non-ALI patient group showed a trend towards a decrease in PaCO2 from the 1st day onwards (table 5, figure 3 ). On the other hand, the measured difference in PaO2 in both patient groups showed a constant drop in PaO2 in the ALI patient group during a week-long observation that was greater than the decrease in PaO2 in the non-ALI patient group (table 5, The following lung function indices were monitored: PaO2/FiO2 ratio, compliance, lung resistance and LIS (Lung Injury Score). The ALI patient group had a significantly higher resistance of the respiratory system and reduced compliance and PaO2/FiO2 ratio in comparison to non-ALI patient group (table 7) .
Total seven-day mortality in both research groups was 17/48 patients (35%). In the ALI patient group 11/22 patients died (50%), while 6/26 (23%) patients died in the non-ALI patient group. Measured EVLWI values on the 7th day of monitoring were significantly increased in the group of deceased patients in comparison to those who survived: 16.5ml/kg vs 12.4ml/kg (figure 6).
Discussion
The results of this research study show that the EVLWI can be used in the assessment of the appearance and dynamics of acute lung injury in surgical patients with sepsis. This is shown in the significantly higher EVLWI values in the ALI patient group when compared to the non-ALI patient group. EVLWI values in the ALI patient group were higher in patients who died than in those who survived. The initially measured EVLWI values in the ALI patient group were higher than in the non-ALI patient group, however it was still within the reference interval spread. A significant increase in measured EVLWI values in the ALI patient group began on SIGNA VITAE 2015; 10(1): 74 -92 the 3rd day and maximum values were attained on the 7th day of measurement.
Simultaneously with the increase in EVLWI, the ALI patient group presented a reduced serum albumin concentration. In the ALI patient group an increase in EVLWI resulted in significant lung function disorder, which could be seen through changes in relations between PaO2/FiO2 ratio, lung compliance and lung resistance. The resulting hypoxemia was the result of hindered oxygen diffusion through the alveocapillary membrane and reduced lung compliance as well as increased lung resistance that stemmed from oedema and lung colapse. Data were analyzed using independent t-test and ANOVA (ANalysis Of VAriance). and non-ALI patient group during the seven-day period. Data were analyzed using independent t-test and ANOVA (ANalysis Of VAriance).
SIGNA VITAE 2015; 10(1): 74 -92 Figure 6 . EVLWI (ExtraVascular Lung Water Index) in patients who survived and patients who did not survive sepsis after major abdominal surgery in this study.
Data were analyzed using independent t-test and ANOVA (ANalysis Of VAriance).
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